Background. Patients with life-threatening conditions who contact out-of-hours primary care either receive a home visit from a GP of a GP cooperative (GPC) or are handed over to the ambulance service. Objective. The objective of this study was to determine whether highly urgent visits, after a call to the GPC, are delivered by the most appropriate healthcare provider: GPC or ambulance service. Methods. We performed a cross-sectional study using patient record data from a GPC and ambulance service in an urban district in The Netherlands. During a 21-month period, all calls triaged as life-threatening (U1) to the GPCs were included. The decision to send an ambulance or not was made by the triage nurse following a protocolized triage process. Retrospectively, the most appropriate care was judged by the patient's own GP, using a questionnaire. Results. Patient and care characteristics from 1081 patients were gathered: 401 GPC visits, 570 ambulance responses and 110 with both ambulance and GPC deployment. In 598 of 1081 (55.3%) cases, questionnaires were returned by the patients' own GP. About 40% of all visits could have been carried out with a lower urgency in retrospect, and almost half of all visits should have received a different type of care or different provider. In case of ambulance response, 60.7% concerned chest pain. Conclusion. Research should be done on the process of triage and allocation of care to optimize labelling complaints with the appropriate urgency and to deploy the appropriate healthcare provider, especially for patients with chest pain.
Introduction
In The Netherlands, emergency medical care is delivered by GPs or GP cooperatives (GPCs), ambulance services and accident and emergency (A&E) departments of hospitals (1) . Patients with highly urgent help requests in out-of-hours have the possibility to call the ambulance service or the GPC for an immediate home visit. GPCs are responsible for urgent primary care during out-of-hours (2) (3) (4) . Depending on the urgency class, patients have to be visited immediate or may be visited later.
Both the GPC and the ambulance service have an own call centre with a separate emergency number. The call centre of the GPC, manned with triage nurses and a supervising GP, handles all the primary care requests for help (with different urgencies, see further) in out-of-hours and sends a GP with a medically trained driver to critically ill patients who stay at home. The frequency of life-threatening contacts in Dutch GPCs was 2.3% in 2015 (5) . At the GPC, for the patients calling with acute life-threatening complaints or symptoms that probably need immediate stabilization on the spot, the ambulance service is deployed directly instead of a GP. This concerns, for instance, patients with typical complaints of a myocardial infarction or a cerebrovascular accident (CVA). On the other hand, there are diseases with the highest level of urgency that can be handled by a GP, like severe hypoglycaemia. In The Netherlands, the ambulance is staffed with a specialized emergency nurse and a medically trained driver. The ambulance service is available 24/7 for emergencies and for transport (high or low urgency) for patients at home or in public space. Ambulance care in The Netherlands is much more expensive (~€670 per response) than a visit by a GP from the GPC (~€100). On the other hand, the ambulance service is more prepared to stabilize patients with life-threatening conditions and to transport patients to the A&E department.
Patients are not always able to judge which care is needed and might choose a medically unnecessarily highcare level. This can lead to inappropriate use of expensive ambulance care. Inappropriate use of ambulance services in several countries varies from 11% to 44% (6) (7) (8) (9) (10) . When patients with serious illness have to be transported to the hospital, ambulance care is indicated. GPC care has to be delivered to patients who initially are expected to be treated and stay at home (11) .
The objective of our study was to determine whether highly urgent visits after a call to the GPC were delivered by the most appropriate health care provider: GPC or ambulance service.
Methods

Design and population
We carried out a cross-sectional observational study using a retrospective medical record analysis. This includes all incoming calls to the GPC from patients resulting in a highly urgent GPC home visit or ambulance response between December 2012 and October 2014 from a large GPC in The Hague (The Netherlands) and surroundings. The GPC serves mainly urban areas with about 700 000 inhabitants We used electronic medical records from the GPC to retrieve data of the visits. From the community health service of the overlapping region, we also received data of the total number of ambulance rides performed during the study period. Appropriateness of the delivered care (ambulance service or GPC) was determined by the patient's own GP in retrospect.
Procedures and variables
The triage nurses of the call centre of the GPC performed the triage and divided patients in the urgency categories U0-U5, according to The Netherlands Triage Standard (12; Table 1 ).
We included all U1 contacts, i.e. patients with complaints concerning a high susceptibility of a life-threatening disease which require a 'highly urgent' visit: patients should be seen as soon as possible. Directly after triage, the decision is made to send an ambulance or a GP to these patients. The triage nurse is supervised by a GP during this process. Calls with a high susceptibility of an acute coronary syndrome, CVA or other diseases where every minute of doctor's delay counts and with high probability for transport to the hospital (for example, unconsciousness or severe bleeding) were, after consultation of the supervising triage GP, immediately forwarded to the ambulance service call centre with U1 indication with the request to send an ambulance to the patient. This kind of protocol-established policy is implemented in more GPCs in The Netherlands. U1 was the only criterion for inclusion; every age and International Classification of Primary Care (ICPC) code was included. Patient and care characteristics such as gender, age, day and time of call, type of care (ambulance service, GPC or both) and diagnosis were extracted from the electronic medical records according to the ICPC code. The ICPC code was documented by the triage nurse from the GPC and confirmed or corrected by a supervising GP before further assessment. Duplicates (identical contacts extracted from both the ambulance service and the GPC files) and contacts with missing data were excluded.
Follow-up
A questionnaire was sent to the patient's own GP in which we asked them to determine the most appropriate type of care and urgency in retrospect. Additional information was also obtained concerning hospital attendance and care, and the GPs were asked whether the initial ICPC code from the GPC had been changed afterwards.
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Analysis
Descriptive statistics were used to describe the population variables. Differences between groups were tested with chi-square tests. Data were analysed using the Statistical Package of the Social Sciences (SPSS22). Results were considered significant at P < 0.05.
Results
Population
Out of the 1960 U1 visits, 709 were duplicates and 170 had missing data. After exclusion of these records, 1081 U1 visits remained. From the 1081 questionnaires send to the own GPs of the patients, 598 were eligible for analysis (response rate 55.3%; Figure 1 ). During the study period, there were 4776 U1 ambulance responses in out-of-hours in the same catchment area. Table 2 shows patient and care characteristics of all included U1 visits (n = 1081). In 401 cases a GP from the GPC performed a home visit immediately, in 570 cases the call was forwarded to the ambulance service resulting in ambulance response and in 110 cases both the GP and an ambulance were deployed immediately. This means that, in out-of-hours, 14.2% (680/4776) of the U1 ambulance responses had been forwarded from the GPC. In all groups, the majority of the patients were women. In the youngest (0-24 years) and the oldest (>85 years) age groups, patients were more likely to receive GPC care. During the night time, ambulance deployment was relatively more frequent than GPC care (GPC 26.7%, ambulance 39.6%, ambulance and GPC 28.2%). We found diagnosis concerning the respiratory tract to be most common in the GPC group (28.4%), as well as in the 'ambulance and GPC' group (26.4%). Chest pain was the main reason for ambulance deployment (60.7%).
Patient and care characteristics
Follow-up
As judged by the patient's own GP in the follow-up questionnaire, many visits carried out with an urgency U1 should have been carried out with a lower urgency in retrospect (GPC 49.0%, ambulance 41.0%, ambulance and GPC 27.6%; Table 3 ). According to the responding GPs, 60% in the GPC group received the preferred type of care, compared with 51% in the ambulance group and 25% in the 'ambulance and GPC' group. After judgement of the own GP, 35.9% of the documented ICPC codes changed in the GPC group and 61.3% in the ambulance group (P < 0.05).
From the obtained questionnaires, we further analysed differences between characteristics of the patients who were not referred, referred to the A&E department (but not admitted to the hospital), and patients who were admitted to the hospital (Table 4) . Patients for whom only an ambulance was deployed were more likely to be referred to the A&E department (83.1% versus 47.9% in the GPC group), but also more likely to be discharged home after A&E assessment (24.4% versus 12.1% in the GPC group). Of the patients with chest pain, 125 of 221 (56.6%) were admitted to the hospital, compared with 21 of 24 (87.5%) of the patients with suspected CVA.
Discussion
Principal findings and interpretation
More than half of the highly urgent (U1) visits indeed concern high urgent care, as judged by the patient's own GP in retrospect. The remaining part should be qualified with a lower urgency (overtriage). About 40% of the U1 visits from the GPC and the ambulance service probably should have been carried out by a different healthcare provider, according to the patient's own GP. In 10% of the cases, both the ambulance service and the GPC responded immediately, which resulted in hospital admission in >80% of these cases. In hindsight, in this group U1 was most frequently confirmed as appropriate. To deliver care as efficient as possible, ambulance response is appropriate in case of subsequent hospital admission and GPC care in case the patient can be treated at home. Reasons to deploy both ambulance and GPC could be either to provide care as soon as possible or to have more expertise and means available at the scene to provide care as needed.
We expected suspicion of an acute coronary syndrome or CVA to be common diagnosis in the ambulance group, as triage protocols of GPCs advise immediate ambulance deployment in these cases. The rationale is that the limitation of time to revascularization is crucial for preservation of vital organs. The reduction of this delay was one of the key elements in the decrease of mortality from cardiovascular diseases in the last decades (14) . However, our study showed a great contrast between the group of patients in which a CVA was suspected and patients with chest pain. The group of suspected CVAs was relatively small (4%) and 84% of these patients were subsequently admitted to the hospital. Chest pain occurred more frequently (40%), and only 57% of these patients were admitted.
Other research shows that few patients (6%) who present to the ambulance service by telephone with chest pain eventually turn out to have an acute coronary syndrome (15) and 22% of the patients presenting to an A&E department for chest pain are subsequently diagnosed with an acute coronary syndrome (16) . For many patients who were diagnosed with a non-urgent cause (e.g. anxiety or musculoskeletal chest pain), in retrospect an emergency ambulance was the preferred deployment in our study. A more limited ambulance deployment in case of chest pain might save substantial healthcare costs, but this could also lead to a failure to supply the optimal care for patients with a true myocardial infarction. A study by Hettinger et al. shows that several dispatch factors (like 'fainting' or 'sexual assault') are known with a high predictive value of discharge from the emergency department. Note that these cases often validly are presented to the A&E department (17) . On the other hand, some factors predict non-transport of emergency home visits (18) .
Strengths and limitations
To our knowledge, this is the first study in which patient and care characteristics are explored of home visits to patients with lifethreatening conditions conducted by a GPC or ambulance (with or without transport). We used a large sample of contacts (n = 1081) for analysis. We used a combination of routine data on patient and care characteristics and a follow-up judgment by the patients' own GP. To our opinion, the patient's own GP can most accurately determine the most appropriate type and urgency of care in hindsight. Furthermore, the questionnaire send to the own GPs provided additional follow-up data to our study. However, this method also introduced several limitations. First, it poses a risk of selection bias as only 55% of the questionnaires were returned. As the rate of return of the questionnaires was similar for the GPC and ambulance group, we do not expect a major influence on the results. Secondly, the judgment of the patients' own GP about the appropriate urgency and deployment is subjective. Determining the need for ambulance deployment using the final diagnosis or the need for life-or organ-saving treatment in the first hour would be more objective. This approach would result in a far greater rate of overtreatment, but at the time the decision for immediate ambulance deployment has to be made, outcome cannot be predicted. Another limitation is the collection of data in one urban area of The Netherlands, so the results might not be representative for other rural or urban areas in our country. Finally, other factors than the medical condition of the patient may have played a role in decision making, like the availability of the GP and ambulance at the time of the call.
Comparison with existing literature
A Dutch study evaluating the ambulance service showed that 42% of the emergency call-outs might be replaced by a GP visit (19) . In other countries, the inappropriate use of the ambulances varied from 11% to 44% (6) (7) (8) (9) (10) . Our data appear to be in line with these results. Former studies concerning comparison of patient and care characteristics of life-threatening complaints between GPC versus ambulance service were not found. Only some studies about triage nurses at GPCs are conducted. It appears that they perform well for low urgent complaints, but that there could be made some improvement in case of highly urgent contacts (20, 21) . In Norway, several studies were performed in the pre-hospital setting, investigating highly urgent contacts and contacts due to chest pain (22) (23) (24) (25) . Caution must be taken to compare studies performed in The Netherlands and Norway due to big differences in population density and travel distances. A higher response rate from both ambulance service and GP in Norway can be explained by logistic problems to arrive in time at the scene for ambulances in remote areas. However, similar results as in our study were found regarding the high proportion of chest pain in highly urgent contacts, and the relatively low rate of subsequent hospital admission in these patients (25) .
Implications for research and/or practice
The high frequencies of inappropriate care in our study suggest a possibility for improvement in this population. One could think of efforts to introduce more (conclusive) predictive factors in the triage process. However, some degree of overtriage is acceptable to prevent undertriage. The increase of undertriage should be monitored after introduction of an intervention aiming to limit overtriage.
It is important to notice that a high percentage of U1 calls concern chest pain. These cases are often interpreted as a possible myocardial infarction for which ambulance response is appropriate. Although more than half of these patients were admitted to the hospital, only a small fraction (which was not measured in our study) received an acute intervention. Efforts should focus on strategies limiting unnecessary ambulance deployment in patients with chest pain. Unfortunately, we could not identify low-risk groups, and a more stringent policy for ambulance response will probably result in missed myocardial infractions. We recommend training of triage nurses and GPs in recognizing acute coronary syndrome by the use of (modified) decision rules like the Marburg Heart Score (26) . A relatively large proportion of overtriage will still remain in patients with chest pain after triage. Reduction of unnecessary ambulance responses without compromise of patient safety might only be feasible, if GPs are equipped to quickly obtain an ECG and possibly cardiac markers using point-of-care testing. Not only diagnostic accuracy, but also effects on time to hospital arrival should be investigated thoroughly before such an approach is implemented in daily practice.
In general, it would be favourable to enlarge the amount of available data of patients to triage nurses, like the medical history, use of medication or previous hospitalizations to enable them to assign the most appropriate type of care. Moreover, it might be useful to merge call centres of GPC and ambulance service to converge the available competence.
Conclusion
Our results show that the quality of out-of-hours primary care for patients with life-threatening conditions can be improved for GPCs as well as the ambulance service: there is a relatively large amount of overtriage and a suboptimal distribution of care in patients with highly urgent complaints. Research should be done on the process of triage and allocation of care to optimize labelling complaints with the appropriate urgency and to deploy the appropriate health care provider, especially for patients with chest pain.
